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Central overlay: PLANEX Newsletter team receiving the Best Paper Award in the poster session at the NSSS- 
2012 — Tirupati. 


Completing a decade of Planetary 

Sciences and Exploration (PLANEX) 

is signifying towards setting up of a = 7 

stage to build an efficient and “a 
competitive planetary — sciences Ww 
community in the country by Wage y 
concrete planning and time bound 
execution. The idea is well brought about by the 
commencing article of the issue by Prof. J. N. Goswami, 
Director PRL, which highlights the challenges in this 
regard. Inviting students from various backgrounds 
desiring to pursue a career in the inter-disciplinary field 
of planetary sciences and exploration, a special article 
has been included in this issue which spotlights on the 
PLANEX programme’s endeavor to ignite young minds 
through its annual PLANEX Workshops. 


Recent remote sensing missions to Moon and Mars such 
as Chandrayaan—1, LRO and MRO etc. are continually 
unraveling these celestial bodies through thrilling 
discoveries. A meticulous account has been put forward 
via an article on the discovery of mini-magnetosphere on 
the Moon and several news items. In order to infuse 
further quest, an article on Méssbauer Spectroscopy, a 
potential tool for future planetary exploration and an 
account on the upcoming Chandrayaan-2 mission have 
been included. An exhilarating article related to the study 
of restlessness of the universe has been incorporated to 
enhance the scope of the magazine. 


Regular contents such as up to date News coverage, 
Flash news, Mission updates, Awards and Honors, 
Events, Announcement of opportunities, PLANEX 
alumni column and Reader’s column already form an 
interesting and informative read. An inspirational write 
up on one of our great ancient astronomer and 
mathematician Varahamihira gives an opportunity to 
take pride in our profound academic roots which should 
inspire the future academicians. 


PLANEX Newsletter team has done a commendable job 

by adding 250 more subscribers at the recently 
concluded National Space Science Symposium at Sri 
Venkateswara University, Tirupati, through their 
proactive efforts, which received an_ enthusiastic 
response by the participants. 


And before I sign-off, 


HAPPY READING! 


Ng ’ ( 
2 So 


Neeraj Srivastava 
Editor 
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READER’S COLUMN 


the contents are extremely informative and for 
spacebuffs like me, be assured they make a real treasury 
of reading material. Congrats. Needless to say there was 
a need for such a journal in India. Wish the team all the 
very best and continued success in the days ahead 


- Srinivas Laxman 
Science Reporter, TNN 


the contents are really very informative and 

interesting. But since I am working in Atmospheric 

Science field, I'll be happy if you please put lot more 

information on that also. Waiting for your upcoming 
issues 

- Ipsita Putatinda 

Ph.D. Student, CSIR 


Centre for Mathematical Modeling and Computer 
Simulation (C-MMACS) 


the newsletter consists of high quality research 

articles related to planetary sciences. The articles are 

very informative and well organized. I would suggest 

that in future issues research articles should also include 

focused studies of unsolved problems and their results 

using different type of approaches based on available 
datasets 

- Surya Prakash Tiwari 

Ph. D. Student 

Department of Ocean Engineering 

Indian Institute of Technology, Madras 

Chennai-60036, India 


the contents are quiet intriguing to a first time 
reader, specifically columns such as News Highlights, 
Opportunities/Announcements are up to date and very 
informative. The articles are also so selective that any 
prospective graduate student would be motivated 
towards a career in planetary sciences. In short, the 
magazine with few pages yet quiet interesting will attract 
much wider readers from different backgrounds towards 
planetary science research 


- Prahlad Epili 
NIUS Astronomy 


Homi Bhaba Centre for Science Education 
Tata Institute of Fundamental Research 
Mankhurd-Mumbai 


Mars Opportunity’s Next Winter Workplace 
‘Greely Haven’ of the ‘Cape York’ segment of the rim 
of Endeavour Crater will be the next winter workplace 
for NASA’s Mars’ Exploration Rover (MER), 
Opportunity, which survived for 8 Earth years on 
Martian surface and provided bunch of interesting and 
hidden scientific facts about the red planet. The 
observations from its first outcrop revealed the effect of 
water by its high zinc content. The rocky outcrops of 
‘Greely Haven’ provide favorable slope and site for 
compositional and min- 
eralogical studies of 
surface for the rover to 
spend the entire Martian 
winter. The site has 


been named as a tribute 
2 to Prof. Ronald Greely, 


Ss 


a member of MER 
science team and other 
interplanetary missions 
who passed away on Oct 
27, 2011. The priority of the rover is to do radio science 
by tracking radio signals from stationary rover to 
measure tiny wobbles in the planet’s rotation for gaining 
insight about the planet’s core. The next immediate aim 
will be to do long term analysis of mineral ingredients of 
the outcrop with Mossbauer spectrometer, sitting on the 
Opportunity ’s arm. 
Source:http://www.sciencedaily.com/releases/2012/01/12010 
6130334.htm 


http://www.sciencedaily.com/releases/2012/01/120109192512. 
htm 


View of an outcrop of 
"Greeley Haven" (Credit: 
NASA/JPL-Caltech) 


Three Smallest Exoplanets Revealed by KEPLER 

Recently NASA’s Kepler mission discovered three 
smallest exoplanets which are orbiting a star beyond our 
solar system. The planets are found orbiting a single star 
named KOI-961 and the size of the planets has been 
reported as 0.78, 0.73 and 0.57 times the size of Earth in 
which the smallest one resembles the size of Mars. These 
planets have earth like rock structure but they are 
inhabitable due to 
extreme hot cond- 
itions as they orbit 
very close to their 
parent star. Kepler 
keeps on searching 
new planets by 
keeping eye on more 
than 150,000 stars. 
The confirmation of 
planet is done by analyzing the dips in brightness of stars 
by transiting planets. These three planets are very close 
to their star taking a time of less than 2 days to orbit 
around. The star KOI-961 is a red dwarf having a 


Artist’s 
KOI-961 


conception showing 


Volume -Z, Issue-2, April 2012 


diameter 1/6" of the sun and just 70 percent bigger than 
Jupiter in size. This is a significant discovery as the 
confirmation of three rocky planets around a red dwarf 
suggests that there may be existence of other rocky 
planets in this smallest solar system found ever. This 
finding also proves the diversity of planetary systems in 
our galaxy. 
Source:http://www.nasa.gov/home/hqnews/2012/jan/HQ_12- 
013 Kepler Smallest_Exoplanets.html 


Lifetime of Lunar Dynamo 

Based upon the paleomagnetic and petrographic analysis 
of lunar mare basalt, it is reported that lunar magnetism 
was preserved for another 500 million years after Moon 
had a core-dynamo 4.2 billion years ago (Ga). The only 
known source that could power this lunar core-dynamo 
was the thermochemical core convection. However, this 
thought got revived by another popularized hypothesis. 
Moon’s transient magnetic anomalies originate from 
highly magnetic deposits of a giant asteroid that collided 
with the Moon early in its history. If this hypothesis 
stands valid, then it is imperative that a future sample- 
return-mission from largest and oldest basins of Moon 
such as the South Pole-Aitken (SPA) basin should be 
proposed. The huge SPA impact brought deep lunar 
materials to the surface, and sampling these otherwise 
inaccessible rocks could hold the key to understanding 
how the Earth-Moon system formed and evolved. The 
access to these highly magnetic materials could also 
prove as an invaluable resource for accurately estimating 
the lifetime of the lunar dynamo. These discoveries 
suggest that the lifetime of the early lunar dynamo is still 
uncertain. 
Source:http://www.sciencemag.org/content/335/6073/1212.ful 
L.pdf 
http://www.sciencemag.org/content/335/6073/1176.full.pdf 


Jupiter’s Core Erosion and Contraction 
The question of whether Jupiter’s core has been eroded 


is still unanswered. However, from recent measurements, 
it is estimated that the Jupiter’s normalized axial moment 
of inertia (NMOI) could have changed from ~0.235 to 
~0.264 throughout the evolution of planet. This change 
is attributed to the coupled contraction and core erosion 
of 20 Earth masses from primeval core of 30 Earth 
masses. The results demonstrates the importance of 
accounting for the change in Jupiter’s interior structure 
as it evolves, and emphasizes the caution that has to be 
taken when relating Jupiter’s current structure and its 
origin. This caution should also be taken when estimated 
core masses of giant extrasolar planets are applied to 
discriminate among giant planet formation models. 
Overall, the idea stands certainly feasible that it may 


further improve the understanding of Jupiter’s origin, 
internal structure and evolution. 
Source:http://arxiv.org/pdf/1202.3242.pdf 


Mars is Still Active 

Mars is commonly considered to be fairly less 
tectonically active than Earth. A recent study using High 
Resolution Imaging Science Experiment (HiRISE) 
images along Cerberus Fossae fracture systems on the 
Martian surface have revealed boulder avalanche 
deposits. Cerberus Fossae regions of Mars have been 
suggested to be associated with extremely young 
volcanism (<2.5 Ma). Preservation of the boulder tracks 
against the Martian winds also concludes that the quake 
occurred in the relatively recent past, of the Red Planet's 
4.5-billion-year history. The study suggests that the 
surface of Mars 
appears to have been 
shaken by quakes 
relatively recently, 
aiding the  mob- 
ilization of the 
boulders and hinting 
at the existence of 
active volcanoes. 
Implications of the 
marsquakes are 
linking the active 
faulting with dike 
emplacement. This indicates that the planet is still 
geologically active and producing marsquakes. 
Source:http://www.agu.org/journals/je/je1202/2011JE003816/ 
2011JE003816.pdf 
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Boulder trails and _ cliff 
indicating relatively recent 
quakes on the surface of Mars 
(CREDIT: NASA/HiRISE 
image) 


Sand Dunes on Titan: New Information on Climate 

NASA’s Cassini radar and radio-metric observations 
have given the microwave electromagnetic signatures of 
dune field on Saturn’s moon Titan, revealing that 
correlation occurs in dune morphology with the changes 
of altitude and latitude. Around 13% area has been 
covered with dunes which are wide in miles, ~300 feet 
tall and miles long. These dunes are linear in 
morphology but their size and spacing changes with 
location. From the images it has been observed that the 
largest dune is at the lowest altitude near Titan’s equator. 
It becomes smaller, less packed and more spaced as it 
goes towards high altitude. It has been thought that the 
sediment source zone mostly occurs in low zone area 
which reduces the sand supply in high elevated area so 
that the dunes size varies with altitude. Further, the dune 
size also gets affected as the asymmetrical seasonal force 
associated with Titan’s current orbital configuration 
changes. These findings help in knowing the distribution 
of winds on Titan surface and from where and how the 
sand formed. As Titan is hosted by lakes of 
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hydrocarbons, it rains drizzles of methane. It has been 
considered that the sand could have formed through 
erosion by rained methane flows on the surface. The 
grains of sand are clumps of solid hydrocarbons formed 
through the chemical reaction. 
Source:http://www.alaskadispatch.com/article/scientists-see- 
new-climate-clues-saturns-moon-titan 


Recent Geological Activity on Moon 

NASA’s Lunar Reconnaissance Orbiter Camera (LROC) 
0.5-2.0 m/pixel Narrow Angle Camera (NAC) has taken 
pictures of the Moon’s crust, revealing that recent 
geological activity may have occurred on Moon. The 
captured images demonstrate that the Moon’s crust is 
being pulled apart, which in turn is creating small valleys 
on the lunar surface. These valleys are known as Graben, 
which indicates tectonic activity on Moon. Graben 
formation is a result of stress experienced from Mare 
basalt filled basins. It has been predicted that any 
geological activity on the Moon may have occurred less 
than 50 million years ago which is quite young as 
compared to the age of Moon, which is 4.4 billion years. 
The LROC’s pictures found small, skinny trenches that 
are much longer than their width. The largest reported 
graben is ~500 m long and ~40 m wide. The graben 
found in the LROC’s pictures has also been found in 
other locations along the Moon’s surface. The recent 
graben formation has been found in the territory of 
Madler Scarp (~10.8°S, 31.8°E). This study reveals that 
the Moon did not completely melt during the early stages 
of its formations. The existence of graben suggests that 
while the Moon’s exterior was molten, the rest of the 
moon did not. The existence of graben on the Moon’s 
surface suggests that there are also forces on the Moon’s 
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Image showing newly 
detected graben in lunar 
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crust acting to pull it apart. 
Source: http://www.nature.com/ngeo/journal/vaop/ncurrent/pd 
f/ngeo1387.pdf 


Invasion from Mars 

For the fifth time in history rocks that fell on Earth’s 
surface in Morocco of North Africa during a meteor 
shower have been confirmed that they came from Mars, 
after an eye-witness on July 2011.Compositionally, the 
rocks have been confirmed as Martian meteorite after 
their discovery in December 2011 from south of Tanzrou 
and southwest of Tissint. Among many of the pieces 


which have fallen, the biggest was weighing 2 
kilograms and the total mass of the rocks was claimed to 
be 7 kilograms. The previous recorded Mars meteorite 
fall was in 1962. Scientists are claiming that these are 
invaluable samples from the red planet. Scientists, 
including some at PRL, are expecting some interesting 
outcome from the analysis of these rocks as they are very 
recently fallen and 
soon discovered 
thereafter Scientists 
are trying to 
remove the 
contamination due 
to earth and then 
find the signatures 
of carbon based 
com-ponents in the 
sample. Probably 
these rocks can 
help us in 
understanding many hidden facts of the red planet right 
from its evolution to possibility of existence of life. 


Source:http://www.cbsnews.com/8301-205_162- 
57360117/confirmed-martian-rocks-landed-in-morocco/ 


A 297 gram broken stone of the 
Martian meteorite with black 
glossy objects are _ olivines 
visible through the fusion crust. 


Robots: The Future Players of Planetary Missions 
Recently, NASA _ successfully demonstrated the 
capability of robots to handle maintenance and some of 
the precise and significant operations on-board, in space 
station. The operations that were successfully 
accomplished by robots include refueling and repair of 
satellites which were controlled remotely. This whole 
task was a part of NASA’s Robotic Refueling Mission 
(RRM), which aoacke an excellent capability of 
remotely control robots 
to refuel the satellites in 
space despite of the fact 
that the fuel valve of the 
satellite was sealed 
when it left the Earth. 
Interestingly, the robots 
could open that seal and 
do the RRM experiment 
successfully. The robot 
used in this mission is 
named as Dextre. Apart from refueling, it also 
demonstrated its capability to cut two separate “lock 
wires” having a size of 0.5mm using a robotic cutting 
tool named as RRM WCT (Wire Cutter tool). This 
definitely encourages using of Robots for future 
planetary missions for various tasks like refueling, 
repairing and re-positioning of satellites. 
Source:http://ssco.gsfc.nasa.gov/index.html 


temporary 


RRM _ on its 
platform on the 
International Space Station 
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> JAXA and NASA announce availability of 
Hayabusa Mission Samples and New Cosmic Dust 
Samples. 
Link: http://hayabusaao.isas.jaxa.]p/ 
Launch of NuSTAR Mission Postponed. 
Link:http://www.nasa.gov/mission pages/nustar/ne 
ws/nustar20120316.html 
Bursting whistler-mode waves detected in Venus 
Ionosphere. 


Link:http://www.agu.org/journals/pip/je/2011JE003 
897-pip.pdf 

Discovery of new Super-Earth. 
Link:http://www.physorg.com/news/2012-02-super- 
earth-habitable-zone-nearby-star.html 

Laser frequency comb developed to search for 
Earth-like planets. 

Link: http://www.physorg.com/news/2012-03-star- 
Evidences from mineral zircon prove meteorite 
collisions on the moon. 
Link:http://www.physorg.com/news/2012-01- 
curtin-geologists-discovery.html 

Mars Express Radar Yields Strong Evidence of 
Ocean That Once Covered Part of Red Planet. 

Link: 
http://www.esa.int/esaMI/Mars_Express/SEMVINV 
X7YG_0.htm] 

NASA'S Spitzer finds solid Bucky-balls in space. 
Link:http://www.nasa.gov/home/hqnews/2012/feb/ 
HQ 12-057 Spitzer Buckyballs.html 

Astronomers map dark matter in 3-D in galaxy 
cluster. 

Link: 
http://www.sciencedaily.com/releases/2012/03/1203 
14125925 .htm 

Glittering jewels of Messier 9. 
Link:http://www.sciencedaily.com/releases/2012/03 
120316094015.htm 

NASA's Twin GRAIL spacecraft begin collecting 
lunar data. 

Link:http://www.nasa.gov/mission pages/grail/new 
s/grail20120307.html 

Streaks on the surface of Mars caused by melting 
1€e. 
Link:http://www.nature.com/news/mystery-of-slick- 
martian-slopes-gets-less-slippery-1.10268 

NASA'S Dawn Sees New Surface Features on Giant 
Asteroid Vesta. 
Link:http://www.nasa.gov/mission_pages/dawn/ne 
ws/dawn20120321.html 

Probe from NASA spurs fresh view of Mercury’s 
interior. 

Link: http://www.nature.com/news/nasa-probe- 


spurs-fresh-view-of-mercury-s-interior-1.10290 


India’s Planetary Exploration Programme: 
Looking ahead & Challenges for PLANEX 


The Planetary Science and Exploration (PLANEX) 
programme was nucleated at PRL in 2001 by Dept. of 
Space as a preamble to the Indian Planetary Exploration 
Programme that was mooted by the Indian Space 
Research Organization (ISRO) in 1997. A series of 
studies carried out during 1997-2001 by ISRO showed 
that India has the technical capabilities to explore the 
inner solar system objects and that there are significant 
scientific questions related to lunar and_ planetary 
evolution that can be meaningfully addressed by such 
missions. The inception and incubation of the PLANEX 
programme at PRL has been discussed by Prof. N. 
Bhandari in the first issue (Vol.1; No.1) of the PLANEX 
newsletter. We have come a long way since then. The 
realization of the highly successful Chandrayaan-1 
mission having international participation, the upcoming 
Chandrayaan-2 mission with Russian collaborations and 
the proposed mission to Mars and an anticipated mission 
before 2020 to asteroids/comet will keep us busy during 
this decade. Each of these missions has unique 
characteristics and addresses novel scientific questions to 
further our understanding of the origin and evolution of 
these solar system objects and properties characterizing 
their interior and surface and the environment 
surrounding them. 


The results obtained from the Chandrayaan-1 mission, a 
very comprehensive mission that addressed a wide 
spectrum of scientific questions related to the moon, 
revealed for the first time that lunar surface, particularly 
near the polar region, hosts hydroxyl (OH) and water 
molecule, a major discovery in lunar science. Other 
results obtained suggested that some of the permanently 
shadowed cold polar areas could have sub-surface ice 
and moon may have a well defined exosphere as well. So 
moon is not bone dry, a concept that was based on 
analyses of lunar samples brought back in seventies by 
the Apollo missions. Recent analyses of lunar samples 
using new improved analytical approaches have now 
confirmed presence of water in glassy spherules and in a 
mineral (apatite) found in certain late forming moon 
rocks as well! 


Volume -Z, Issue-2, April 2012 


The Chandrayaan-2 mission, a collaborative mission 
between India and Russia, will be a complex mission 
having an Orbiter, Lander and a Rover, with the Lander 
provided by Russia. The Orbiter and the Rover will have 
Indian experiments, while the Lander will be equipped 
with Russian experiments. Remote sensing observation 
of the lunar surface, sub-surface, and exosphere will be 
conducted from the orbiter, while a couple of 
instruments on the Rover will explore lunar surface 
composition and presence of volatile near the landing 
area, that will be closer to the polar region. The Lander 
will have multiple experiments to study physical and 
chemical properties of the lunar surface and sub-surface 
near the landing site. With a large suite of more than a 
dozen instruments conducting a wide variety of scientific 
investigations, some of which will address questions 
raised by Chandrayaan-1, the scientific return from this 
mission is expected to be very high. 


The proposed Mars mission will be a demonstration of 
Indian capabilities for deep-space missions. In fact, 
ISRO has devised a novel way to reach Mars using the 
same PSLV-XL used for Chandrayaan-1 mission. Since 
the best opportunity for reaching Mars from Earth occurs 
every two years, the possibility for a Mars mission in the 
coming years will be late 2013 and early 2016 and 2018. 
Even though a formal announcement of Mars mission 
and time-frame for the same is still awaited, PLANEX 
has organized a couple of brain-storming sessions during 
2010 and 2011 and there is a general consensus that the 
first Indian mars mission will focus on in-depth 
study of composition and morphology of the martian 
surface and probe its atmosphere, ionosphere and the 
space environment. Detection of possible emanation 
from surface/sub-surface that will provide new 
information on the evolution of the planet and clues 
regarding specific geologic or biogenic(?) activities is 
also proposed. Designs of possible instruments that will 
be needed for pursuing these objectives are also on the 
drawing board at present. 


The Chandrayaan-2 and Mars missions need to be 
implemented within the next 3-4 years and a blue print 
for accomplishing an asteroid/comet mission within this 
decade has to be also made. This place a great 
responsibility and challenge to ISRO and also to the 
PLANEX programme, both in terms of strengthening the 


Indian planetary science community and _ ensuring 


constant engagement and continuity in research related 
to planetary sciences with emphasis on analysis of 
planetary data from these missions that will address 
novel scientific problems in planetary sciences. 


If we look back at the PLANEX programme, we now 
have a reasonable number of scientific groups spread 
across the country, both in the universities and research 
institutions as well as in several ISRO centers, pursuing 
analysis of remote sensing data to understand surface 
morphology and chemical composition of the moon and 
other planetary bodies. Studies of impact craters, 
analytical studies of solar system processes and 
laboratory studies of planetary materials, including 
asteroidal, lunar and martian meteorites, are also being 
done at a very competent level. However, in two specific 
areas, instrument design and development & analysis 
and interpretation of remote sensing data, the major 
contributors are still from the ISRO centers with a few 
notable exceptions. This cannot be good omen for a 
programme that is no longer in its infancy. A strong and 
sustainable Indian planetary exploration programme 
must have a very strong participation of scientists and 
engineers from outside ISRO. 


How to remove this lacuna? There is no ready answer, 
but possibilities certainly exist and some of these are 
discussed here. 


We have to think of ways how to make people currently 
pursuing terrestrial remote sensing studies get interested 
in remote sensing studies of other planetary bodies. 
There is a good number of such people spread over India 
in various academic and research institutions; the 
potential of this group need to be exploited and we need 
to get them to our fold. There is lot of scope for this and 
we need to bridge this gap quickly and devise a viable 
plan of action that will make this happen. 


Looking at the record of activities pursued by PLANEX 
to enhance research in the area of Planetary Sciences, it 
is matter of satisfaction that more than forty proposals, 
dealing with various aspects of planetary studies, have 
been supported in the last four years. However, less than 
ten of these proposals explicitly deal with analysis of 
remote sensing planetary data or development of 
protocols for such analysis and half of these are from 


ISRO centers. With data from Chandrayaan-1 mission as 
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well as other moon missions [Lunar reconnaissance 
Orbiter (LRO), and Kaguya] being available in the 
public domain, one would have expected a much larger 
number of proposals in this category from academic 
institutions. 

I feel for some reason, we have not been able to 
remove/overcome the barrier that is needed for transition 
from terrestrial remote sensing to planetary remote 
sensing studies. While lack of high resolution planetary 
data (both spectral and spatial) could have been a factor 
during the last decade, this cannot be the case at present. 
I feel this need to be remedied much before data from 
our own missions (Chandrayaan-2 and the proposed 
Mars mission) become available within a few years from 
now. I feel a major gap in realizing this is the lack of a 
reasonable number of mentors to take up the task of 
guiding young people interested in this field. The 
eagerness of young people, pursuing their M.Sc./B.E. 
degrees, to participate in the annual PLANEX workshop, 
where less than 20% of the applicant could be 
accommodated, suggest that there is keen interest and 
eagerness among young people to learn about planetary 
sciences. PLANEX programme do select a few 
participants to spend time (up to two years) at PRL to 
pursue scientific/technical activities in this field. 
However, it is fact that even at PRL we do not have 
persons at a level to act as a mentor to some of these 
young people to motivate and educate them in the use 
and applications of remote sensing planetary data to 
understand geology, chemistry and evolution of a 
planetary body. I feel PLANEX has to remove this 
lacuna to ensure that many of these young people 
become an asset for the future planetary science and 
exploration programme of India. 


A silver lining in this scenario is the introduction of 
courses in “Planetary Sciences” in three universities at 
M.Sc. level due to initiatives taken by faculty members 
who are involved in PLANEX programme as Principal 
Investigators of approved projects. This will definitely 
give a better exposure of planetary sciences to young 
minds than that can be imparted in the week long 
PLANEX workshop. I however feel it may be useful to 
have a consortium of mentors, so that, a young person 
pursuing planetary research in any place within the 
country, has the opportunity to interact with any one of 
these mentors for advice and PLANEX facilitating the 
same with support as needed. 


I wish to draw a parallel here with research in 
Astronomy and Astrophysics in the country. The “Inter 
University Center for Astronomy and Astrophysics 
(IUCAA)” has an “Associate” programme that allows 
people at different levels, from PhD students to faculty 
members, to come and interact with resident faculty at 
IUCAA. This is very successful programme as IUCAA 
has a very strong in-house faculty covering various 
aspects of Astrophysics and Astronomy. [UCAA has 
also tried hard to have Astronomy and Astrophysics as a 
major subject in the Universities at M.Sc. level. 
Unfortunately this did not pick up to the anticipated level 
over the last two decades, unlike the “associate” 
programme. 


I feel it will be worthwhile to try a similar approach with 
PLANEX (PRL) as well as some of the ISRO centers 
(e.g. SAC, ISAC, SPL, IIRS) taking initiative to have a 
group of mid-level and senior scientists involved in 
planetary research and willing to serve as mentors for 
young mind or new hopeful entrants to this field. This 
will allow us to replicate the IUCAA’s “associate” 
experience with a group of mentors at different places 
sharing of resources of all these 
participating centers. In principle accomplished 
researchers from the academic institutions should also be 


and allowing 


included as mentors. At the same time, the effort for 
bringing planetary science as a subject in different 
universities and academic institutions should continue. 


We do need a critical strength of planetary scientists in 
the country to ensure the best possible science returns 
from the upcoming Chandrayaan-2 and Mars mission. 
This is also essential to ensure continuity by bringing up 
and moulding the next generation of planetary scientists 
in the country to plan and undertake much more 
challenging mission in the coming decades. 


I feel it will be good to have comments and open 

discussion on the above amongst readers of PLANEX 

news letter with the PLANEX web-site facilitating the 
same. 

J. N. Goswami 

Director, Physical Research laboratory 

Ahmedabad 

Email: goswami@prl.res.in 

Contact: 079-263 14855 (Office) 
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Motivating Young Minds through 
“PLANEX WORKSHOPS” 

Three key mandates of PLANEX programme at PRL 
are: (1) to motivate and nourish young minds to 
undertake planetary science research as a career; (2) to 
burgeon research related to planetary sciences and 
exploration in the country by providing opportunities 
and facilities; (3) and to carry out valued research in 
planetary sciences and exploration by means of remote 
sensing data analysis, 
materials, payload development and 
laboratory/simulation studies of planetary analogues. 


laboratory study of astro- 


== 


The first PLANEX workshop, Ahmedabad, Feb. 2001 


Among these, for long-term sustainability and building 


steady foundation, motivating young generation is 
imperative. To accomplish this as a part of one of its all 
PLANEX programme 
organizes theme-based workshops popularly known as 
“PLANEX Workshop” at universities and research 
centers for young enthusiasts selected within the country. 


major objectives, annually 


The vital ingredient of this workshop comprises of not 
only lectures from experts, but also on enabling students 


to work with them on time-bound projects. To make- 


certain good understanding of fundamentals, workshop 
participants are [je ot Ty 2 ! 


therefore also 
engaged in 
creative ass- 
ignments allied 
to their subjects 
of basic  sci- 
ence. The 
workshop 

sessions _ fur- 
thermore _inc- 


lude on-site 
experience of 
laboratory 


instruments for |™ 
interested ~ 
participants. In addition, to 
functioning of the scheduled workshop activities, in- 


house learning environment is induced by providing a 


guarantee smooth 


provisional library comprising of selected books/journals 
and 24-hour Their living 
arrangements 


computing facilities. 


during the 
workshop are 
planned in such 


\\S1: Meteorites, 
Asteroids and 
Planets at 


a way that there Fama 
Ahmadaba 


can be 

maximum 

4 ‘ WS4: Remote 

interaction Sensing of 

Planetary 

among the Bodies at PRL, 
Ahmadabad 

young __ talents 


and the mentors. 


WSS: Moon 
and Meteorites 


The number of bene 


workshop Ahmadabad 
participants 

varies from 35 — 

40 and their “Gatien,” 


Asteroids and 
Comets at PRL, 
Ahmadabad 


strength includes 


students from 

interdisciplinary 

branches of tegen 
basic science jeccusat 
Sie sinctes, Ahmedabad 
chemistry, 


geology and 


WS12: Exploration of Asteroids & 
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geophysics and technology. The basic eligibility criterion 
for applying for the workshop is mainly having a 
M.Sc./B.Tech degree in above mentioned subjects. The 
screening committee thus selects a diverse group of 
students based upon the workshop theme, considering 
their 
recommendations. During the workshop, along-with 
exciting lectures delivered by faculties, the students also 


career record, research interests and 


showcase their talent in form of a ~ 15 minute’s 
presentation of their topic of interest. Prior to this, the 
workshop participants are also made to get engaged with 
their mentors in a project of their choice before-hand, 
well in advance. The participants are then supposed to 
make a presentation of their project studies and findings 
in an organized manner in front of the review committee. 
The committee then interviews participants and selects 
4-5 students as project associates in PLANEX based 
upon their attentiveness, sincerity and willingness to 
adapt and learn for a bright career ahead. In general, the 
tenure of the associate-ship is for one year; however 
based upon performance it is extendible up to three 
years. In case of candidate’s outstanding performance, 


WS2: Meteorites, Asteroids & Planets at 


Mt. Abu 


Comets at Mt. Abu WS10:Planetary Sciences 
& Space Instrumentation 
at Punjab Univ., 
Chandigarh 


WS9: Remote Sensing 
ofInner Solar System 
Object at Univ. of 
Rajasthan, Jaipur 


WS6: Remote 
Sensing & 
Chandrayaan-l 
Mission at NRSC, 
Hyderabad 


WSS: Exploration 
of solar system 
objects at 
Pondicherry Univ., 
Pondicherry 


WS3: Planetary 
Atmospheres, 
Tonospheres and 
Magnetospheres 
at SPL, VSSC 
Trivandrum 


he/she may also be given a permanent position in the 
research group. 


Apart from scientific discussions and deliberations in the 
workshop, generally a local sightseeing trip is also 
organized to re-fresh the participants and to enhance 
communication among the participants. Towards the 
end, the participants share their experience providing 
feedback and suggestions. 


Until now, twelve PLANEX workshops have been 
organized in different parts of the country. The 12" 
workshop (latest) was conducted at Mt. Abu. Further 
details of the individual workshop venues and themes are 
depicted in the picture. About 450 participants have 
attended the PLANEX workshops so far. From the 
feedback we keep receiving, several have attained Ph.D. 
and settled in planetary science research careers while 
many are well on course to receive their Ph. D. both in 
India and abroad. 


PLANEX therefore seek in this manner to nurture the 
young enthusiasts towards playing a concrete role in this 
competitive era. 


“You have to dream before your dreams can come 


true” - Dr. A.P.J. Abdul Kalam. 
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Discovery of mini-magnetosphere on the Moon 
by SARA onboard Chandrayaan-1 


Observations by various missions in the past have shown 
that Moon lacks a global magnetic field, but has weak 
crustal magnetic field. There are regions on the lunar 
surface, where the magnetic field strength is higher (+15 
nT at 30 km altitude), which are spread over up to few 
100 km across, and are known as lunar magnetic 
anomalies. Most of these anomaly regions are found on 
far-side of the Moon and mostly at the antipodes of the 
lunar impact basins. Crisium antipode anomaly, Imbrium 
antipode anomaly etc. are examples for such regions. 
Reiner-Gamma is such an anomaly region on the near- 
side of Moon. There is no well established theory for the 
formation of these anomalies, although there are several 
proposed mechanisms. The correlation with the impact 
basins has made researchers to think that the formation 
of these anomaly regions is related to the impacts which 
have produced the basins. Measurements by Lunar 
prospector mission have provided a global map of the 
lunar magnetic anomalies. 


Solar wind is a continuous supersonic flow (average 
speed ~400 km/s) of charged particles — ions and 
electrons — originating from the Sun and flows through 
the interplanetary medium. The solar wind is composed 
of ~96% protons, ~4% Het+, <1% heavier ions, and 
equal amount of electrons. In addition, the flow carries 
the magnetic field lines from the Sun along with it, 
which is known as the interplanetary magnetic field 
(IMF). Thus, there is a continuous flow of plasma 
(charged particles in solar wind) and field (IMF) in the 
interplanetary space. On its way, the solar wind interacts 
with the various types of objects in the solar system such 
as planets, satellites, asteroids, comets and so on. The 
interaction involves particles as well as field and the 
nature of the interaction varies depending on whether 
the body has a magnetic field and/or atmosphere. In the 
case of Earth, which is characterised by a global 
magnetic field (almost dipole in nature) of ~35000 nT on 
an average, the solar wind flow is deflected around Earth 
and the IMF lines also drape around resulting in the 
formation of Earth's magnetosphere. 


Whether the small scale magnetic field associated with 
lunar magnetic anomalies will also be able to deflect 
solar wind and can form a “mini-magnetosphere’ was an 
interesting question. Although there were theories which 


predicted that such a process may be possible, 
observations were lacking till the SARA experiment on 
Chandrayaan-1 discovered that the 'mini-magnetosphere' 
does indeed exist on the Moon. 


The Sub-keV Atom Reflecting Analyser (SARA) 
experiment onboard the Chandrayaan-1 was an 
international collaborative program between Space 
Physics Laboratory (SPL), Vikram Sarabhai Space 
Centre (VSSC), Trivandrum, India and IRF (Swedish 
Institute of Space Physics), Sweden, with participation 
from University of Bern, Switzerland, and ISAS-JAXA, 
Japan. It was one among the eleven experiments aboard 
the Chandrayaan-1 orbiter. The SARA consisted of two 


Figure 1. (a) The flight model 
of the sensors — CENA (right), 
SWIM (middle) and_ the 
Digital Processing Unit (DPU) 
(left). (b) SARA assembly on 
~ the Chandrayaan-I. SARA is 
| located on the top deck of 
' Chandrayaan-1. The position 
of CENA, SWIM and DPU 
are indicated in the figure. 


sensors — a neutral particle detector namely CENA 
(Chandrayaan-1 Energetic Neutral Analyzer) which 
observed neutral atoms in the energy range 10-3000 eV, 
an ion mass analyzer, namely SWIM (Solar Wind 
Monitor), which measured ions in the energy range 10- 
15000 eV, and a Digital Processing Unit (DPU). The 
assembly of the sensors and DPU are shown in Fig. 1. 


SARA observations have revealed that around 20% of 
the impinging solar wind protons are scattered back to 
space as Energetic Neutral hydrogen Atoms (ENAs). 
These are called backscattered hydrogen ENAs (Fig. 2). 
When the solar wind is incident on the magnetic 
anomaly region, if the magnetic field is capable of 
forming a mini-magnetosphere, then the solar wind flow 
will be deflected around the magnetic field. This will 
result in reduced solar wind flux impinging on the region 
of anomaly and enhanced flux (due to deflection) at the 


region surrounding the anomaly. This should be 
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detectable in the SARA observation of ENAs as reduced 
ENA flux over anomaly and enhanced ENA flux from 
the surrounding region, compared to regions which are 
not affected by magnetic anomaly. This was indeed 
observed by the CENA sensor of SARA. 


Reflected hydrogen flux 


A 
sr 


1 


1) 
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Figure 2. Map of the backscattered hydrogen ENA flux 
using CENA measurements from 3 consecutive orbits of 
Chandrayaan-I on 6 February 2009. The direction of Sun 
is indicated in the figure. The dependence of the scattered 
ENA flux on the solar zenith angle is seen from the figure. 
A mini-magnetosphere was discovered around 15-30 
degree South latitude and 240 degree East longitude on 
the Moon from the region of Crisitum antipode (CA) near 
the Gerasimovich crater. This was one of the strongest 
anomalies where the flux of backscattered energetic 
hydrogen atoms was lower than in the surrounding areas, 
indicating that the region was shielded from solar wind 
particles by a mini-magnetosphere. The Fig. 3 shows the 
map of scattered hydrogen ENAs normalised to the solar 
wind proton flux (to eliminate any variations in the 
incident solar wind flux) over the Crisium antipode 
magnetic anomaly. The reduction in ENA flux over the 
anomaly and enhancement in ENA flux over surrounding 
area is clearly identifiable in the map. The mini- 
magnetosphere was about 360 km across at the time of 
observation for a magnetic anomaly of strength 100 nT 
at lunar surface. This study provides the first direct 
evidence for the formation of a mini-magnetosphere on 
the Moon. This indicates that the interaction of the 
localised lunar crustal magnetic fields of smaller scales 
and strength with the solar wind is much more complex 
than envisaged earlier. 


The shielding of solar wind by the magnetic anomaly has 
implications on the space weathering of lunar surface as 
well as spectral characteristics of lunar surface material. 


The correspondence between the magnetic anomalies 
and the 'swirls', which are areas on lunar surface with 


anomalously high reflectance is already an interesting 
area of investigation. 


a) Hydrogen 150eV - 600eV 


b) Albedo 750nm 


250 
Lonaitude [deal 


Figure 3. (a) Map of scattered hydrogen ENA flux 
normalised to solar wind proton flux over Crisium 
antipode magnetic anomaly region. The black contour 
lines indicate the magnetic field as measured by Lunar 
Prospector. The depletion in ENA flux over anomaly 
region as well as enhancement of ENA flux over 
surrounding regions is clearly seen in the figure (b) 
Context image of Moon from Clementine observations, 
where the 3 regions marked as M, E and U refers to the 
magnetic anomaly region, region with enhanced ENA flux 
and region undisturbed by magnetic anomaly, respectively 
(taken from Wieser et al., Geophysical Research Letters, 


Vol. 37, No. 5, 16 March 2010, 
doi:10.1029/2009GL041721). 

This discovery was published in the journal 

‘Geophysical Research Letters’, published by the 

American Geophysical 

Union (AGU) and due to 

its significance, this 


research article made the 
cover page of the Vol. 37, 
No. 5, 16 March 2010 
issue of Geophysical 
Research Letters, as well 
as the AGU — Journal 
Highlights. 
(http://www.agu.org/news/ 
ts-archives/2010/2010-04-05.shtml#five 


ress/jhighli 


Anil Bhardwaj 

Head, Planetary Science Branch, 
Space Physics Laboratory, 

VSSC, ISRO,Trivandrum 
Email:anil_bhardwaj@vssc.gov.in 
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Our large peculiar motion in the universe 


determined from the sky brightness anisotro 


Restlessness of the Universe! We know that the earth 
goes around the sun at ~30 km/sec and the sun along 
with the earth and the remaining solar system bodies, 
goes around the centre of our milky-way galaxy at ~220 
km/sec. The milky-way in turn has a motion with respect 
to the local group of galaxies, which may itself be 
moving with respect to the Virgo super-cluster and so 
on. The question may then arise — Does this sort of thing 
go on ad infinitum or will our peculiar motion converge 
to a definite net value at some level? In other words, can 
we find “rest at some stage” in the universe, i.e., is there 
a scale beyond which there is no relative motion of the 
constituents of the universe (apart from the ubiquitous 
Hubble expansion)? 

The Cosmological Principle: According to the 
cosmological principle, beyond a certain scale the 
universe should appear isotropic, without any preferred 
directions, to an observer whom we may consider to be 
fixed in the co-moving coordinate system of the 
expanding universe. Such an observer is stationary with 
respect to the average distribution of the matter in the 
universe and the sky brightness at any frequency should 
appear uniform in all directions to such an observer. 
However a peculiar motion of such an observer, due to a 
combined effect of Doppler boosting and aberration, will 
introduce dipole anisotropy in the observed sky 
brightness; in reverse an observed dipole anisotropy in 
the sky brightness could be used to infer the peculiar 
velocity of the observer with respect to the average 
universe. In past the angular variation in the temperature 
distribution of the Cosmic Microwave Background 
Radiation (CMBR) has been used for such a purpose’”. 
On the other hand we have determined our peculiar 
velocity relative to the frame of distant radio sources, by 
studying the anisotropy in the sky brightness from 
discrete radio sources, i.e., an integrated emission from 
discrete sources per unit solid angle. 


Doppler Boosting and Aberration: An observer moving 
with a velocity v, will find sources in the forward 
direction brighter by a factor proportional to (v/c) cos0 
due to Doppler boosting, where c is the velocity of light 

and @ is the angle with respect to the direction of motion. 


This expression is true for a non-relativistic motion v << 
c, indicated by CMBR observations. Further, the 
increased flux density due to Doppler boosting in the 
forward direction will cause a telescope of a given 
sensitivity limit to detect comparatively a larger number 
of sources. Also due to the aberration of light, the 
apparent position of a source at angle 0 will be shifted in 
the forward direction by an angle (v/c) sin @, as a result 
there will be a higher number density in the forward 
direction as compared to that in the backward direction. 
Thus, as a combined effect of Doppler boosting and 
aberration, the observed sky brightness (an integrated 
emission from discrete sources per unit solid angle) will 
show dipole anisotropy over the sky. 


To find our velocity, we consider all sources to lie on the 
surface of a sphere of unit radius, and let r; be the 
position vector of i" source with respect to the centre of 
the sphere. An observer stationary at the centre of the 
sphere will find the sky brightness to be uniformly 
distributed in all directions (due to the assumed isotropy 
of the universe) and therefore should get 2 S$; r=0. On 
the other hand for a moving observer, the forward shift 
in position due to aberration and the Doppler boosting of 
flux density in forward direction, implies that the vector 
sum & §; r; will yield a net vector in the direction of 
motion, thereby fixing the direction of the dipole. If 0 ; is 
the polar angle of the i" source with respect to the dipole 
direction, then the magnitude of the vector sum 

A F/ F =2 S;cos 6;/ % S;|cos @| is directly proportional 
to the speed v/c of motion of the observer. 


Data: The earth's velocity vector in its yearly orbit 
around the sun is quite accurately known and over the 
period of a year it completes a 360° circle to yield an 
average value zero. However the remaining velocity 
vectors change very little over a human life-time and 
may yield a resultant vector for our velocity with respect 
to the rest of the universe. We have determined our 
velocity with respect to a reference frame in which the 
distribution of matter in the universe appears isotropic. 
We use the brightness distribution of distant radio 
sources from the NVSS catalogue containing 1.8 million 
sources, to define such a reference frame. In particular 
we looked for departures from isotropy in the angular 
distribution of radio brightness of the sky presumably 
resulting from our motion. 
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Figure 1. The distribution of NVSS sources in 
equatorial coordinates. 


Figure 1 shows a plot of the relatively strong NVSS 
sources (S > 300 mJy) in equatorial coordinates. The 
southern gap is because of the decl. > -40° limit of the 
survey. The source distribution looks quite uniform 
except for a narrow band of enhanced density 
presumably due to galactic sources. This is confirmed in 
Figure 2 where the source distribution is plotted in 
galactic coordinates. The enhanced density is now 
clearly seen to be lying along the galactic plane. For our 


analysis we ignored a zone of +10° about the galactic 
plane to avoid the effect of these galactic sources. 


Figure 2. The distribution of NVSS sources in 
galactic coordinates. 


Our Results: The results for the velocity vector are 
summarized in Table-1, for samples of different flux- 
densities which give a direction of the velocity in 
agreement with those determined from the Cosmic 
Microwave Background Radiation (CMBR) 
measurements (RA = 168°, Dec = -7°) by COBE and 
WMAP satellites. However, our estimates of the 
magnitude of the velocity vector seem to be 
systematically higher than the CMBR value (369 km/s) 
by a factor of ~ 4 at a statistically significant ~ 30 level. 


We also determined the velocity components for three 
different polar angles. Figure-3 shows a plot of the three 
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components, which seem to fit very well with the 
expected cos@ variation of the projected speed v. The 
difference from the CMBR value is very apparent. 


An anisotropic universe! Different values of the 
peculiar velocity inferred from the radio source 
population and the CMBR would mean that a reference 
frame defined by the radio source population at redshift z 
~ | does not coincide with that defined by the CMBR 
originating at z ~ 700 and there is some genuine 
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anisotropy in either one or both of the frames. This has 
very serious consequences as it would imply anisotropic ) Pole agi (agrees) 
universe, where the anisotropy itself is changing with 
epoch (z ~ | vs. z ~ 700). That would violate the 


cosmological principle where the isotropy of the 


Figure 2. A plot of the observed peculiar velocity 
component for different polar angles. Circles (o) 
represent values for velocity components obtained for 
three different angles from six equal area slices of the 
sky. Cross (x) marks the value obtained from the whole 
Table-1. Our estimated velocity from the dipole asymmetry in sky. The CMBR value (Venp, = 369 km/s) is shown for a 


universe is assumed for all epochs, and on which the 
whole modern cosmology rests upon. 


sky brightness. comparison. The dotted lines represent the Io error 
limits. 
ae , AF / | RA tee spe CDE ESID ES In oes to determine oa net peoDLa: 
velocity in the universe we have studied the dipole 
(mJy) (107) © (@) | 0° km/s) anisotropy in the sky brightness due to discrete radio 
1000>S>100 | 39625 | 1.60.4 | 154417 | -08+18 | 1.7+0.6 sources. This anisotropy appears to be about four times 


larger than that seen in the Cosmic Microwave 
Background Radiation. A genuine difference between 
1000>S=30 | 153759 | 1.720.3 | 159+11 | -07410 | 1.8:0.5 the two would imply anisotropic universe, where the 
anisotropy itself is changing with epoch, with very 
serious consequences as it would negate the 


1000>S =50 90360 1.7+0.4 163412 | -11+11 1.840.5 


1000>S=20 | 228128 1.540.2 158+10 | -06+9 1.7+0.4 


1000>S=15 | 296811 1.5+0.2 157+9 | -03+8 1.6+0.4 cosmological principle. 
100>S =50 50735 1.7+0.2 194+16 | -19+17 1.8+0.6 
Further Reading: 
BN ees) gM flee! |iamcotc ome peel e ses tl |) ral 1. Lineweaver, C. H., et al. Astrophys. J., 470, 38, (1996). 
100>S>20 | 188503 1.2+0.2 165211 | -02210 | 1.3+0.4 2. Hinshaw, G. et al. Astrophys. J. Supp. Ser., 180, 225, 
(2009). 

100>S=15 257186 1.2+0.1 162410 | 06+10 1.3+0.3 on Singal, AWK. Astrophys. I, 742, 123) (201 1). 

Table 1. For each sub-sample the 1 column gives the 4. Ellis. G. F. R. and Baldwin J. E. Mon. Not. R. astr. Soc., 
flux-density range (in milli-Jansky), 2" column gives the 206, 377, (1984). 


5. Crawford F. Astrophys. J., 692, 887, (2009). 


number of sources, 3™ column gives the relative excess 
6. Condon J. J., et al. Astr. J., 115, 1693, (1998). 


brightness of the sky in the forward direction, 4" and 5" 
columns give the direction of motion in terms of Right 
Ascension and Declination on the sky (akin to longitude 


and latitude on the earth) and the last column gives the : oa mene! 
‘ F : Physical Research Laboratory, 

magnitude of our speed estimated from the asymmetry in 
Ahmedabad 


sky brightness. 
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Mossbauer Spectroscopy- An important tool in 
extraterrestrial exploration 


Amongst terrestrial elements, iron is the second most 
abundant one providing diagnostic information about 
naturally occurring silicate minerals e.g. olivine, 
pyroxenes, ilmenite and magnetite. The multi-valence 
character of iron provides information about redox- 
conditions, weathering and alteration which occurred in 
the mineral. Méssbauer spectroscopy has proven to be a 
powerful tool for quantitative mineralogical analysis of 
Fe-bearing analysis and its sensitivity towards oxidation 
state and local environment. Iron in lunar samples is 
observed to behave differently from that of equivalent 
terrestrial rocks e.g. Al** in terrestrial crystal is generally 
replaced by ferric ion while lunar crystals are primarily 
in bivalent state. Similarly, substitution at the tetrahedral 
sites in the lunar crystal seems to be associated with 
deformations or defects in the local environment of Fe ** 
sites. 


Amongst the physical techniques employed to study the 
lunar samples, Mossbauer spectroscopy has played an 
important role in elucidating the composite and separated 
minerals. Méssbauer spectrometers were selected as 
payloads for Mars Exploration Rovers (MER)- Spirit and 
Opportunity for robotic exploration on Martian surface. 
The general objectives of in-situ Méssbauer 
spectroscopic studies on Mars are, for both rock and soil 
samples, to identify Fe-bearing minerals, measurements 
of ferric to ferrous ion ratio and determination of 
magnetic properties on the Martian soil. Stimulated with 
the success of Mars’ expedition, Méssbauer 
spectroscopists are now eyeing for future expedition on 
Venus. 


WHAT IS MOSSBAUER SPECTRSCOPY: Whilst 
working on his thesis Rudolf Méssbauer studied 
resonant scattering of 129 keV y-rays of "Ir and 
discovered a strange phenomenon. In '”'Ir isotope, some 
resonance absorption was observed at room temperature 
due to slight overlap of absorption and emission lines. 
To eliminate this overlap by reducing Doppler 
broadening, Méssbauer cooled the system and contrary 
to his expectation, the count rate in y- counting system 
enormously increased. Considering an earlier theory 
developed by Lamb that in solids, the recoil momentum 


does not always produce a change in the vibrational state 


Volume -Z, Issue-2, April 2012 


of the crystal lattice, one can explain the phenomenon 
which led to Zero-phonon emission and absorption of y- 
rays. This effect is known as the Méssbauer Effect. Let 
us briefly discuss this phenomenon. 


An isolated atom in an excited nuclear state E, will 
decay and give off a y-photon with energy Ep and 
momentum P, =E,/c where c is the speed of light and M 
is the mass of the emitting nucleus. Conservation of 
momentum demands that it must recoil and the acquired 
recoil energy is expressed a 


Ex = (1/2M) (E,/c)” 


By conservation of energy, the energy is shared between 
the nuclear recoil and the emitted phonon whose energy 
would be reduced to E, - Eo - Er. Similarly on absorption, 
it would require energy E, - Ey + Er. However, if the 
emitting nucleus were moving towards the absorbing 
nucleus with a relative velocity v, the energy of the 
emitting y-photon would have a Doppler shift 


NE, = E,(v/c) 


and the resonance condition can be expressed as A E, = 
2ER where the emitted phonon would have energy E, - 
Eo + Er . This is the energy required for absorption 
(figure la). Such situation is highly impractical in an 
isolated atom. But in solids where large number of atoms 
is involved, the recoil momentum is picked up by the 
entire solid because of its large mass thus providing a 
negligible change in the vibrational state of the crystal 
lattice. 


Therefore, in the Méssbauer experiment, when the 
emitting and absorbing nuclei are embedded in a solid 
lattice, the recoil energy would be taken up by the crystal 
as a whole. The effective value E, can be altered by 
moving the source with respect to absorber with a 
velocity v and . Figure 1b shows these events and the 
basic form of Méssbauer spectrum, i.e. a plot of 
transmission versus a series of Doppler velocities 
between source and absorber. A typical Mossbauer 
spectrum thus consists of sets of peaks with each set 
corresponding to a particular Fe nucleus in a specific 
environment in the sample (Figure 1). 
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Figure 1 .(a)Resonance overlap of free atom 
nuclear gamma ray resonance (b) Illustration of the 
generation of Mdéssbauer absorption 


Doppler velocity between source and 


through 
absorber. 


INGREDIENTS NEEDED FOR MOSSBAUER 
RESONANCE: The — Conventional 
spectroscopic measurements are made in transmission 
mode for bulk samples. Another innovative use of 
spectroscopy is emission or 
backscattered mode to study the surface structure of the 
sample. The measurements involve the following: 


Mossbauer 


Mossbauer to use 


(1) Electromechanical Drives for velocity modulation of 
y-rays:- 


The recoil free y-ray energy of a typical Méssbauer 
transition is so precisely defined that its Heisenberg 
width corresponds to the energy change produced by an 
applied Doppler velocity of the order of 1 mm/s. To 
provide a particular relative velocity between source and 
absorber for resonance absorption maximum, Drives can 
be operated under following modes: 


(i) Constant velocity mode: Here the total number of 
transmitted y-photons is measured in a fixed time at a 
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constant velocity, followed by subsequent measurements 
at other velocities. In this way, the structure is scanned 
stepwise one velocity at a time. 


(ii)Constant acceleration mode: In this mode, rapid scan 
takes place through whole range and subsequent 
numerous repetition of the scan thereby accumulating all 
the data for the individual velocities simultaneously. 


(2) Source:- 

For Méssbauer spectrum, it is necessary to produce 
recoil-free y-photons in quantity. The most popular 
Méssbauer source *’Co with energy 14.4 keV is used for 
MoOssbauer spectroscopy since it is possible to define y- 
ray energy to within the natural line width. Other few 
popular Méssbauer sources include '!Sn (23.8 keV), 
'21Sb(37keV) and '*’1 (58keV). 


(3) Detector:- 

Below 40 keV, the gas filled proportional counter gives 
better resolution but with lesser efficiency. Recently 
developed Solid state detectors such as CdSe, Si PIN 
show low noise with high precision in measurements and 
are therefore becoming very popular. For conducting 
high-pressure Mossbauer measurements, special efforts 
are needed: use of point source, low noise Si PIN 
detector and sample chamber inside Diamond Anvil Cell 
(DAC). 


Méssbauer pattern is characterized by Méssbauer 
parameters — Isomer shift (IS), Quadrupole splitting (QS) 
and magnetic hyperfine field (HF). 


(a) Isomer shift: It is the result of coulomb interaction 
of the nuclear charge distribution over a finite nuclear 
radius at the excited and ground state and the electron 
charge density at the nucleus (s-electron). Changes in the 
s-electron density at the nucleus results into change in 
isomer shift indicating the oxidation states of the atom. 


(b) Quadrupole splitting : It gives information about the 
nature of chemical bonds due to asymmetric distribution 
either about the ions themselves or in the crystal. In any 
specific compounds, two opposite contributions 
originating from the valence electrons and the lattice 
contribute to QS. For ions with filled and unfilled 
configuration (where valence electron contribution is 
zero) the parameter is indicative of lattice distortion. 


Rel. Intensity 


(c) Magnetic hyperfine field : The interaction of the 
nuclear magnetic dipole moment with a magnetic field at 
the site of the nucleus, splits the nuclear states I=3/2 and 
I=1/2 into (2I+1) equispaced non degenerate substates. 
The probabilities of magnetic transitions are displayed 
through intensity ratios of the Méssbauer pattern. For 
randomly oriented magnetic field direction as in the case 
of powdered sample, the intensity ratio is 3:2:1:: 1:2:3. 
But for a single crystal where the direction of y-ray is 
parallel to the principal axis of the magnetic field, this 
ratio becomes 3:0:1::1:0:3. The magnetic hyperfine 
interaction observed by Méssbauer spectroscopy, thus 
contributes significantly to the understanding of the 
magnetic properties of materials. 


Since Méssbauer measurements could be done in both 
transmission and backscattered mode, it would be 
appropriate to illustrate the comparison of the patterns. 
Martian analogue sample- Palagonite from Hawaii (PN- 
9) were compared in these two modes. Figure 2 shows 
similarity between the backscattered to the transmission 
MOssbauer spectra (both taken for the same sample). The 
results show that the same mineralogical information is 
obtained irrespective of measurement geometry. 


a a rs Ss ms Mtr 


ra Nanophase terric oxide 
Pyroxene / Glass 
Olivine 


Transmission 


12 
Velocity [mm/sec] 
Figure 2. Similarity between Mossbauer spectra taken 


at backscattered and transmission geometry of a sample 
(Martian analogue sample- Palagonite from Hawaii). 


MODIFICATION OF MOSSBAUER SET UP FOR 
MARS EXPEDITION: Spacecraft with landers on the 
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planetary surfaces have limited resources in mass, 
volume and electrical power, therefore a conventional 
be 
miniaturized and optimized for power consumption and 
detection efficiency. All components have to withstand 


Méssbauer spectrometer has _ to extremely 


high acceleration forces and shocks as well as 
temperature variations and irradiations in the outer space 
as well as on the planet. High detection efficiency is 
important to minimize experimental measurement time. 
The instrumental calibration could be done either by 
conventional way in transmission geometry or by 
choosing a target with known composition mounted on 


the lander. 


The of the the 
electromechanical vibrator, mounted in the centre of the 
instrument, intense °7Co source, a multilayered radiation 


main parts spectrometer are 


shield, the detector and electronics for controlling and 
data processing. Sources of 150-300 mCi °’Co in Rh 
matrix having narrow source line width (0.16mm/s) are 
used. With the Rhodium matrix, no additional 
broadening would result from the low surface 
temperature on Mars. Figures 3 and 4 show all the 
components of the Miniaturized Mossbauer 
Spectrometer (MIMOS-II ) with sensor head , drive unit 
set on Mars Exploration Rover (MER) on the surface of 
the planet. Considering the space and weight constraints, 
the drive system is designed to be about one fifth of the 
conventional drive with diameter of 22mm, a length of 
40mm and about 50gm of mass equipped with SmCo 
permanent magnet operating at 25 Hz frequency which is 
also the main resonance. The key improvements in the 
drive are a rigid tube connection between driving and the 
velocity pick up coils in the double loudspeaker 
arrangement. The short tube guarantees a fast transfer of 
information with a minimum phase lag and high 
feedback gain margin. 


The data collection is done in backscattered geometry. 
A high resolution large solid angle detector system is 
used to reduce the background and to minimize the data 
acquisition time. Si PIN diodes with 10x10mm” active 
area are chosen with detection efficiencies 100 and 64 % 
for 6.4 and 14.4 keV radiation respectively. 
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Figure 3. Design of the MIniaturized 
MOssbauer Spectrometer MIMOS -II-2 ( two 
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Figure 4. MIMOS II sensor head ( left),drive unit (middle) working on Mars Exploration 


Rover (MER). 
SAMPLE ANALYSIS: Because of absence of water 
and highly reducing conditions, lunar mineralogy is tnpact-Detived Recon 


comparatively simpler. The crust of Moon is mainly 
composed of plagioclase, feldspar, pyroxene, 

olivine, ilmenite and glass. Iron is found as Fe’, Fe” (Highland) 
states and Fe*’ is absent. The impact of giant as 

meteorites during early lunar history excavated huge jesus 

cavities and lunar maria were formed by subsequent (Highland) 
filling by lavas. There are two types of volcanic 
material in and near the maria: crystalline rock 
known as mare basalt, and volcanic ash of basaltic 
composition that is mainly glassy. Lunar regolith 

(soil) is mainly a result of repetitive meteoritic (Mafic Basin (Highland Mare 
impact. Because of mixing countless impact effects, 

the soil generally consists of mixture of both 
highland and the Maria. Due to insufficient impact 19019 (Mere) 
mixing, the soil formed on the maria mainly consists 
of mare basalt. The sample in transmission mode 
use fine powder dispersed along with inert medium 
to fulfill approximate requirement of a uniform 
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Figure 5: Mossbauer spectra of the Lunar impact-derived 
regolith. Ilmenite and pyroxrene are the main components of 


absorber. However the technique of powdering Mare samples while pyroxene and olivine are the main 
could not be applied in these samples because of crystalline phases in highland samples. A few peaks of -Fe 
loss of integrity for other measurements. Discrete sextet is also seen in a few spectra. Samples are from the 


particles of the individual phase of size < 1 um were Apollo 11 (10084), Apollo 12(120xx), and Apollo 15 (15013), 
homogeneously dispersed to satisfy the condition for Apollo 17(7xxx1), Apollo 16 (6xxx1) missions. 


a uniform absorber. Figure 5 shows the representative 
Mossbauer spectra of impact-derived regolith from each 
of the six Apollo mission. 


Two identical rovers “Spirit” and Opportunity” were sent 
on the planet Mars to conduct geochemical studies on the 
planet. Mars Exploration Rover (MER) “Spirit” landed 
in Gustav crater and traversed towards the Columbia 
Hills 
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Figure 6. (1) First Méssbauer spectrum recorded 
at Martian surface Gusev Crator on January 17, 
2004 (2), Pattern of the “clovis” rock at the 


Columbia hill of Mars. 
while MER “Opportunity” landed in Eagle crater 
(Meridiani Planum) for analysis of outcrops exposed at 
several craters (Eagle, Endurance, Erebus and Victoria 
craters).Figure 6 shows the first 


ever analyzed 


Méssbauer spectrum recorded at Martian surface at 
Gusev Crator with basalt soil on January 17, 2004 as 
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well as pattern taken in a rock called “Clovis” at 
Columbia hill. 


The Mossbauer spectrometer on board the “Spirit” rover 
at Gusev Crator found olivine suggesting that physical 
rather than chemical weathering processes are active. A 
thin coating was also detected on the rock, enriched in 
ferric iron providing evidence for interaction with water. 
Similarly the “Opportunity” rover found jarosite in 
sulphate rich outcrops at Meridiani Planum. This ferric 
sulphate hydroxide mineral along with millimeter- sized 
spherules was identified as the source of hematite. Since 
hematite cannot be formed without water, the presence 
of water on the planet was confirmed on the Meridiani 
Planum. Mo6ssbauer spectrum taken of “Clovis” rock in 
Columbia hill indicated Geothite which contains water in 
the form of hydroxyl as a part of its structure. Spirit 
encountered little evidence of water in the Gustav Crator. 
Other Fe-bearing phases detected at Meridiani Planum 
are: olivine, pyroxene, magnetite, nanophase ferric 
oxides and kamacite. 


Figure 7a shows the representative Méssbauer patterns 
taken on the Martian soil samples using source (°’Co) of 
strength 150mCi on _ the Time of each 
measurement was about 6 to 12 hours for appreciable 
statistics. The measurement was continued up to 1000 


rovers. 


days after landing. Because of large difference in the 
temperature on the surface of Mars, MGssbauer spectra 
of the same object were obtained at different range of 
temperatures. For each measurement, a calibration curve 
was recorded. 


The MER (Mars Exploration Rovers) Mdéssbauer 
spectrometer has investigated more than 300 different 
rock and soil targets at different narrow regions of 
Martian surface and has determined the Fe*’/ Fe ratio 
ranging from 0.01 to 0.9. It has also identified 12 
different mineral phases viz. Troilite, 
Olivine, Pyroxene, Ilmenite, Jarosite, nanophase ferric 
oxides and a hydrous sulphate. A catalogue of 815 
MOssbauer spectra has been reconstructed from 153 days 
of operation on “Opportunity “and the spectra were 


divided into 4 groups- 


Kamacite, 


I group — contained two maxima without any magnetic 
sextet. 


II group- contained 4 maxima with a small amount of 
magnetic component. 

If] group- contained both magnetic as 
paramagnetic components 

IV group- contained magnetic component only. 


well as 


Figure 7 b show the Méssbauer patterns of the Mars 
regolith of group II and IV. Presently there is no 
information about the mineralogy of the Venus’s surface 
though XRF measurements have been done on three sites 
of the planet’s surface. Synthetic Méssbauer spectra 
were calculated for the normative Fe bearing minerals at 
the venera 14 and Vega 2 landing sites. 


The temperature dependence of the spectra is also 
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calculated and discussed the implications of these results 
for future expedition. 


Gamma ray analysis by five landers (Venera 8,9,10 and 
Vega 1 & 2) give elemental abundance of U, Th and K. 
XRF analysis by three Landers (Venera 13, 14 and Vega 
2) gave elemental abundances for major elements 
heavier than sodium. Iron is one of the most abundant 
elements detected by XRF analysis of Venus’s surface. 


The information about Fe bearing minerals are important 
because of their involvement in chemical reactions with 
C,O,H and S gases in Venus’s reactions and their 
atmospheric weathering processes. 
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1322000 


French team, a CNES orbiter will collect the 


440000 a sample from Mars Ascent Vehicles and bring 
“— them back to earth for study. MAVEN (Mars 
428000 : i? Atmospheric and Volatile EvolutioN) is 


designed to study the martial upper 
atmosphere and ionosphere from orbit to 
determine the loss of volatile compounds to 
space and its role in the atmosphere of Mars. 
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Figure 7: (a) Mossbauer spectra taken on soil of Mars ( from top to 
bottom): At temperatures 200- 210K, 210-220K,220-230K, 230-240K, 
240-250K,250-260K, 260-270K,270- 280K.(b) Mossbauer spectra of 
Martian regolith from different groups III and IV)). 


SUMMARY: Though Méssbauer _ spectroscopic 


technique proved itself for mineralogical exploration Usha Chandra 

during Moon Apollo Mission, it was not well known in University of Rajasthan, 

the planetary science community. Mars expedition has Jaipur 

given boost to the technique. Now established as a new Email: chandra- a as 
tool in this field of science,many future expeditions have usha@uniraj.ac.in If or Mp 
added it as a payload. NASA is planning to send ae Lo 


additional Science orbiters, rovers and Landers in 
different sites along with a sample return mission which 
would likely to take place in 2020. In collaboration with 


After a fantastic maiden planetary voyage, Chandrayaan- 
1, India is now setting a stage for py another leap to 
further close observation of the 

Moon through its second mission 

Chandrayaan-2. | Chandrayaan- 
2/Luna-Resurs, an indo-russian 
colloborative mission aims to 
unambigously establish _ the 
results obtained by recent lunar 
missions. Chandrayaan -2 intends 
to gather new datasets with its 
suite of augmented remote 
sensing and in situ instruments 
which can help us to significantly 
enhance our present 


understanding of the Moon. 


Launch Vehicle 


Mission Profile: 

Chandrayaan-2 is a collaboration mission between 
Indian Space Research Organisation (ISRO) and Federal 
Space Agency, Russia. Chandrayaan-2, planned to be 
launched using GSLV (Mk-II) consists of an Orbiter, 
Lander and Rover for remote sensing observations and in 
situ exploration of the moon. The launch vehicle, Orbiter 
and Rover will be provided by India while Russia 
provides the Lander. Chandrayaan-2 will orbit at a height 
of 200 km from the lunar surface. The lander module 
will make a soft-landing on a predetermined site of 
scientific interest. Although the landing site seems to be 
not 


Fairing 


ree 


Lander 
(Russia) 
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yet finalised, based on scientific and technological 
demands, two plausible sites near the south pole have 
been proposed by Russia. The first landing site is in 
between Shoemaker (D = 63 km) and Faustini (D = 45 
km) craters while the second one is near the western rim 
of De Gerlach (D = 31 km) crater. 


Instruments: 


Orbiter-Remote sensing instruments: 

Chandrayaan-2 Orbiter carries a suite of remote sensing 

instruments to map the 

Moon in X-Ray, 

Visible, Infra-Red and 

Microwave regions. Ss 

This will help us to have Q: ~ 

a detailed understanding in 

of the morphology, Orbiter 

mineralogy and chemical composition of the lunar 

regolith and surface. The proposed instruments are: 

e Terrain Mapping Camera (TMC-2) — To create 3D 
map of lunar surface necessary for mineralogy and 
geology. 

e Imaging Infra-red Spectrometer (IIRS) — Grating 
Spectrograph covering 0.8-5 micron for lunar 
mineralogy and infer presence of OH and Water on 
lunar surface. 

e Synthetic Aperture Radar (SAR) — Dual-band Radar 
for subsurface probing and detection of water/ice in 
permanently shadowed regions 


eCollimated Large Area Soft x-ray Spectrometer 
(CLASS) and Solar X-Ray Monitor (XSM) — 
Determine major element composition from remote X- 
Ray Spectroscopy 

eChandra’s Atmospheric Composition Explorer 
(ChACE-2) — Detailed study of lunar exosphere and 
search for water molecules. 


Instruments onboard Rover: 


The rover carries two payloads for determining in situ 
chemical composition of lunar soils and rocks in the 
vicinity by means of two different techniques. The 
instruments are: 


e Alpha Particle X-ray Spectrometer (APXS) 


° 
(India) iy 
e Laser Induced Breakdown Spectroscopy (LIBS) 


Instruments on Landing Station: 


Chandrayaan-2 lander will carry a suite of 

instruments for physical and chemical probing of 

the lunar surface near the landing site. Although the 

finalized instruments are not known, some of the 

probable instruments are 

e TV Camera/Spectrometer — UV scanning for mineral 
composition 

e TV-RPM — TV Sensor on Robotic Arm for Imaging 

e LIS — Infra Red Remote Sensing for minerals and 
water content in lunar regolith 

eANDRON-LT — 
Spectrometer for regolith elemental composition and 
hydrogen content. 


Neutron and Gamma _ Ray 
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e Gas Chromatograph (3 blocks with NGMS) - To 
measure regolith gaseous components and determine 
its chemical and isotopic composition 

e LASMA-LR — Laser Mass Spectrometry for chemical 
and isotopic composition 

eRAT — To measure surface and subsurface radio 
brightness 

ePML — Physical characterization of 
exospheric dust under the influence of micro meteoritic 


of lunar 


bombardment 

e SEISMO-LR — Seismic and subsurface studies 

e ARIES-L — Study solar wind interaction with the 
regolith 


Chandrayaan-2 will utilise multiple communication links 
to the ground stations in India and Russia. The 
communication paths are Rover-Lander-Orbiter-Earth, 
direct Lander-Earth and Rover-Orbiter. Development of 
various payloads and other mission elements are 
progressing in full swing in both the countries and 
Chandrayaan-2 is expected to be launched during late 
2013. 


Topographic profile of probable Landing Sites: 


Sources:(1 yeeswan & Annadurai, LPSC-2011, Abstract #2042.pdf (2) Slyuta et al., LPSC-2010, Abstraet-# 1141. pat 


Diagnostic testing of Cassini Radio System 


After the radio system signal being not detected during 
late December 2011, Cassini Engineers are carrying out 
a diagnostic test. The issue was found to be with an 
ultra-stable oscillator. Presently the system is using an 
auxiliary oscillator which will have a compromising 
performance. This system is not only used for radio 
science measurements but also serves as a 
communication link with the earth. The results of this 
diagnostic test are yet to be known. 


Cassini clicks new pictures of Rhea 

Cassini in its recent flyby captured new images of 
Saturn’s Moon, Rhea. These images captured from a 
distance of 42,000 kilometers give an interesting view of 
the moon’s surface. This view shows various geologic 
features such as impact basins - Mamaldi and Tirawa and 
Inktomi ray crater, youngest surface feature on Saturn’s 
second largest moon. 


Glitch in MSL computer resolved 

A reset has occurred on Mars Science Laboratory (MSL) 
spacecraft computer soon after its launch. This glitch, 
related to certain memory registers occurred when the 
spacecraft was using its star scanner. This bug has been 
successfully fixed and tested after updating the software 
on spacecraft’s computer. 


MSL finishes a crucial maneuver , detects major 
event on its way to Mars 

MSL spacecraft has successfully accomplished a crucial 
maneuver on 11" Jan 2012 which puts the trajectory of 
the spacecraft closer to Mars by nearly 40,000 
kilometers. This advances the Mars encounter time by 14 
hours, which is necessary for correct positioning of the 
Gale Crater for spacecraft landing. During its journey 
towards Mars, an instrument onboard MSL has detected 
a largest solar particle event since 2005. However there 
is no harm for the spacecraft, but radiation exposure 
from such events could prove to be fatal for humans on a 
manned mission to Mars. 


DAWN witnesses unusual features on VESTA 

DAWN has recently captured some unusual geologic 
features on the giant asteroid, VESTA, which were never 
seen before. Some of these features depict extremely 


bright areas compared to the surroundings showing the 


diversity of Vesta’s surface. These results hint that this 
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material has undergone least alteration since the 
formation of the asteroid. 


Students re-christen GRAIL, and receive requested 
images 

Students from an elementary school in Montana gave 
new names for NASA’s twin GRAIL A & B as a part of 
a contest. The twins are now called as “Ebb and Flow”. 
MoonKam onboard Ebb captured nearly 60 images of 
the lunar surface requested by the students as a part of 
their winning entry. 


GRAIL begins science phase 

GRAIL began to collect science data from first week of 
March 2012. The data from this phase, which extends for 
next 84 days is expected to provide a high-resolution 
gravity map of the Moon. 


Juno refines its way to Jupiter 

Jupiter bound spacecraft Juno has made its first 
maneuver to correct its trajectory on 1“ Feb. 2012. This 
maneuver was accomplished by firing the spacecraft 
thrusters for 25 minutes. The next biggest maneuver is 
planned during August 2012 which will enable Earth 
flyby gravity assist path to Jupiter. 


Opportunity celebrates eigth birth anniversary 

One of NASA’s twin rovers, Opportunity slated for a 
three month mission has completed 8 successful years of 
exploring the surface of Mars. Opportunity, currently at 
Endeavour crater has witnessed ancient geological 
deposits which were not found any time during its seven 
year long exploration. The rover health seems to be in 
perfect condition for many more scientific investigations 
to come. 


HiRISE pictures dust devil on Mars 

HiRISE camera on board Mars Reconnaissance Orbiter 
(MRO) has captured a moving dust devil on Mars, 
probably for the first time. The dust devil casting itself as 
a serpentine shadow was seen on 16" Feb. 2012 over the 
Amazonis Planitia. 


Messenger begins extended mission phase 

After the first successful year at Mercury on 17" March 
2012, MESSENGER has now started to work in its 
extended mission phase. During its first year exploration, 
MESSENGER has provided surprising results and new 
look of the surface and internal structure of Mercury. 
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> 17" National Space Science Symposium 


The 17" National Space Science Symposium (NSSS) of ISRO was held at Sri 
Venkateswara University, Tirupati during 14-17 February 2012. NSSS is one of 
the major platforms for scientists, researchers and scholars from all over the 
country to share their results and ideas in the fields of Astronomy, Planetary 
sciences, Space science and Atmospheric sciences. The symposium aims to 
emphasize and encourage discussions concerning improvement of space 
science research in country. 


ai ae About 900 research scholars and 
ay scientists participated and presented 
their work at this recently concluded event. Special plenary sessions were 
conducted which involved topics like Advances in astronomy, 
Meghatropique and Polar research. Inter-disciplinary lectures and popular 
__ lectures were arranged for the benefit of the general audience. The 
S deliberations during the 4-day symposium were categorized under five 
themes viz. PS1: Space based Meteorlogy, Oceanography and Geosphere- 
biosphere interactions; PS2: Middle atmosphere, coupling, dynamics and 
climate change; PS3: Ionosphere, Magnetosphere, Thermosphere, Space Weather and Sun-earth relationship; PS4: 
Astronomy and Astrophysics; PS5: The solar system bodies including Planetary system. The results were organized 
and presented in the sessions in form of poster and oral presentations. A two member review committee was present 
in each of these above-mentioned categories to judge and assess the impact based quality of the work. The presenters 
were honored as best paper and best poster award. 


Under PS5, there were two oral sessions organized to discuss upon the latest 
scientific and technical deliberations related to planetary sciences and exploration. 
The lead talks in these two sessions were given on the recent finding of impactor 
signatures in Lonar glass and a possible proposal for Indian mission to Venus. 
Other presentations in these sessions were also made on diverse topics such as on 
findings from SARA onboard Chandrayaan-1, 
dark mantle deposits on the Moon, water in the 
interior of the Moon, plasma wave detection, X- 
ray flares study for Mars and astrobiology etc. 
Presentations related to the design and 
developments of the payloads for future Indian 
planetary missions were also made. 


The posters displayed in PS5 also exhibited a variety of exciting scientific results 

such as geological investigation of MARS, study of exoplanets, various payload 
developmental activities for futures planetary missions and results from the 
Chandrayaan -1, India’s first mission to Moon. 


Considering NSSS-2012 to be an appropriate platform for outreach activity of 
PLANEX program, a poster depicting the essence of the PLANEX Newsletter 
was displayed and a sign-up desk for the same was placed near the registration 
area. CD’s containing all the published issues of the Newsletter were distributed 
to the enthusiasts of planetary sciences and exploration. People showed great 
interest towards being a part of country’s first planetary e-newsletter. 
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NSSS 2012 conclusion was followed after scientific panel discussions among the experts 
and thought reviewers. Suggestions from the participants were also welcomed and it was 
learned about how to further enhance the growth of the related research community. 
Finally awards were conferred in various sessions. In PS5, the best oral and poster 
presentation award was conferred to Mr. Sonal Jain (SPL, VSSC) and PLANEX 
Newsletter Team (PLANEX, PRL) respectively. 


Amidst the scientific euphoria, beautiful cultural programme was organized by classical 
artists who displayed the Indian heritage and culture by their admirable performances. 


> PLANEX Project Review Meeting 


A group of experts from government / private organizations and academia gathered for a two-day meet during 16-17" 
March, 2012, at the Physical Research Laboratory, Ahmedabad to discuss the present-stage understanding and 
development of their projects supported by PLANEX, PRL. The introductory speakers of the meet set the stage by 
mentioning the need for adaptive methods that can enable the participants to compete with primary challenges today. 
The sessions include presentations on understanding and characterization of the solar system and planets with an 
emphasis on the development of tools and techniques for exploration of the terrestrial planets. Presentations by those 
who have developed or in process of developing payloads for the future or upcoming missions were also included in 
the sessions. Participants discussed the vital issues involved in their projects and suggestions from the experts on their 
improvement followed. The review committee gave their recommendations on issues that were critical to be handled. 
The meet also welcomed couple of new members as PLANEX PIs, joining with their ideas of undertaking projects on 
possible Earth sites diagnostic of Mars and Moon. Finally, the meet concluded with suggestions from the review 
committee addressing the additional steps to be taken by the project investigators to enhance their ability to deal 
within context of transitioning from theoretical to practical applications. 


> 12 PLANEX workshop 


The 12" PLANEX workshop on “Exploration of 
Asteroids and Comets” was organized at Mt. Abu, 


during 2-6" Jan, 2012. About 35 students from various 

academic institutes and research centers attended the 

workshop. Lectures were delivered by experts across 

the country for educating young generation about the 

intricacies related to the studies of asteroids, comets, 

meteorites etc. and emphasis was also given on 

learning techniques of astronomical observation. Six 

themes based upon which projects were undertaken by 

the students included 1) Asteroid size determination; 2) 

Orbital parameters of asteroids; 3) WSN for Asteroid 

surface exploration; 4) Thermal evolution of asteroids; 

5) Tracking NEAs for hazard mitigation; 6) 

Mineralogy from Reflectance Spectroscopy and 7) 

Characterization of cometary dust. The workshop 

participants presented their discussions held with project mentors during the workshop. Opportunity was also given to 
the participants for presenting their topic of interest. Visit to astronomical observatories (PRL and BARC) were 
arranged for the participants to get a hands-on experience of observing celestial bodies and gamma ray spectroscopy. 
Based on the performance during the workshop, five participants were selected and offered project associate-ship for 
further intensive training. 
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Maya J.M., Deptt. of Earth Sciences, Pondicherry University, Pondicherry, working in PLANEX Project 
has received 50% financial support from PLANEX Programme for attending the Goldschmidt 2011 
conference, held at Prague, Czech Republic during 14-19 August 2011. She presented “!*°'’Sm-'“'*Nd 
studies of komatiites from western Dharwar Craton, India: Implications for depleted mantle evolution in 
Earth Archean” by J.M. Maya, R. Bhutani and S. Balakrishnan. 


“PLANEX Newsletter: An outreach to nuances of planetary sciences”, The Editorial Team, PLANEX, 
PRL, Ahmedabad [NSSS-2012 PS-5 Poster presentation — Best] 


“Seasonal accumulation and evacuation: Modelling forced flows of debris from cavity on an inclined 
plane on Mars”, Rishitosh K. Sinha and S.V.S. Murty, PLANEX, PRL, Ahmedabad [NSSS-2012 PS-5 
Poster presentation — Second Best (Shared)] 


“Water in the interior of Moon: its implications to the source evolution”, A. Basu, PLANEX, PRL, 
Ahmedabad [NSSS-2012 PS-5 Oral presentation — Second best (Shared)] 


“Thermal evolution of icy planetesimals in the early solar system”, S. Sahijpal, PLANEX Project PI , 
Panjab University, Chandigarh [NSSS-2012 PS-5 Oral presentation — Second best (Shared)] 


ANNOUNCEMENTS & OPPORTUNITIES 


> “8th Conference on Formation and Evolution of Planetary Systems” will be organized during September 3-7, 2012 at 
Ludwig-Maximilians-Universitét, Munich. The last date for submission of abstract is June 1°, 2012. For more details, 
visit: - http://www.usm.uni-muenchen.de/people/preibisch/planets2012/index.html 


“International Workshop on Instrumentation for Planetary Missions” during Oct. 10-12, 2012 at NASA-GSFC. 
Abstract deadline: June15", 2012. For more details, visit: - http://ssed.gsfc.nasa.gov/IPM.html 


The 75th Annual Meeting of the “Meteoritical Society” will be held in Cairns Australia from 12 - 17 August 2012. 
Link: http://shrimp.anu.edu.au/metsoc2012/Welcome.html 

“Planetary Data: A Workshop for Users and Software Developers” will be held during June 25-29, 2012 at NAU, 
Arizona. Abstract deadline: April 30", 2012. Details at - http://astrogeology.usgs.gov/groups/Planetary-Data-Workshop 


European Organization for Astronomical research offers “ESO Studentship Programme” for students already enrolled 
for PhD. Application due by June 15", 2012. Details: https://jobs.eso.org/ESOCP370/default.asp?PageNo=DEFAULT 


Call for Applications for “JAXA International Top Young Fellowship in FY2012”. For more details, visit: - 
http://www.jaxa.jp/employ/index_e.html 


“Research scientist post at JPL’. For more details, visit: https://careerlaunch.jpl.nasa.gov/ 


“Global Space Exploration Conference” will be held at Washington DC, USA during May 20-24, 2012. For more 
details, visit: - http://glex2012.org/index.html 


A conference on “The origins of stars and their planetary systems” will be held at Origins Institute, Hamilton, Canada 
during June 10-15,2012.For more details visit:- http://origins.physics.mcmaster.ca/oi_planets/index.php?p=index 


> “12th Australian Space Science Conference” will be held at RMIT University in Melbourne during September 24-27, 
2012. For more details, visit: - http://www.nssa.com.au/ocs/index.php?cf=14 


> “Asteroids, Comets and Meteors (ACM) 2012” will be held at Nilgata, Japan during May 16-20, 2012. For more 
details:- http://chiron.mtk.nao.ac.jp/ACM2012/ 


> 22nd Goldschmidt conference “Goldschmidt 2012” will be held at Montréal from June 24-29, 2012. For more details, 
visit: - http://www.vmgoldschmidt.org/2012/index.htm 
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Planetary sciences and space exploration is a booming research field and PLANEX program is the heart of such research 
activities in India. I worked for PLANEX for a little more than a year as a project associate and this experience has 
enriched my understanding towards planetary sciences. PLANEX is a melting pot of different research areas; payload 
development, remote sensing, meteorites and cosmochemistry, analogue studies for different planetary environments being 
some of them. There is something for everyone who is interested in this interdisciplinary field of research. With state of 
the art lab facilities and some of leading Indian scientists as mentors, PLANEX is a very exciting place to be for someone 
who is really keen on pursuing research in planetary sciences. My experience at PLANEX prepared me for challenges and 
encouraged me to pursue further research. I wish all the best to the entire team of PLANEX, and really hope that this 


program reaches many many students like me who are struggling to start their career in this exciting research field. 


Prajkta Mane 
School of Earth & Space Exploration, 


Arizona State University 
(Formerly at Physical Research Laboratory, Ahmedabad) 


Arizona, USA. 
E-Mail: Prajkta.Mane@asu.edu 
Contact: 001-480-965-7762 
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Varahamihira: The Great Astronomer and Mathematician 


Varahamihira (505 — 587 AD), was the great astronomer, mathematician, and astrologer of 
Ancient India. His main work was a treatise on mathematical astronomy. He discovered a 
version of Pascal's triangle and worked on magic squares. He is considered to be one of the 
“Navaratnas” of legendary ruler Vikramaditya’s court. His main works are the books: 
“Pancha-Siddhantika’, “Brihat-Samhita” and “Brihat-Jataka’’. 


Although there is no record of his year of birth, from his autobiography “Brihat-Jataka” and 
“Pancha-Siddhantika” we can presume that he was born ~ AD 505 (Gupta era). Amaraja in his 
‘Khandanakhadakhadya Karanatika’ mentioned that Varahmihira passed away in AD 587. He 
was a native of Avanti and the son of Adityadasa, likewise an astronomer. Varahamihira, who 
was a Magadha Brahmin, studied ‘jyotisha’ from his father. According to Bhatta Utpala, an excellent commentator of 
Varahamihira’s work, he received his education in ‘Kapitthaka’ village. Varahamihira is still considered the greatest 
name among all the authors on Jyotisa, as he enriched all the three branches of the science, Ganita, Hora and Samhita. 


His major contribution towards astronomy is “Pancha-Siddhantika’, which mainly deals with the calculation of 
planets and constellation science. It gives a brief description of earlier astronomical concepts based on mathematical 
calculations. There are also some important trigonometric calculations which were contributed by him. The following 
are the major trigonometric results which were among important mathematical discoveries: sin x = cos (II/2- x); sin’ x 
+ cos’ x = 1; (1 — cos2x) / 2 = sin’x. He also contributed towards improvement of sine table after Aryabhatta. Pluto’s 
recent demotion of planets justifies Aryabhata and Varahamihira’s centuries back calculations, which indicate ancient 
Indian astrology is mathematically derived and more concerned with astronomy. According to recent study of eminent 


mathematical astrologer Mangal Prasad “the derivations are from the diameter of earth, which is a circle having a 
value II (22/7) imbedded in the equator of earth, diameter of the moon, the solar year and how the planets are viewed 
in the northern latitudinal region during January and February, soon after the sun has crossed the Tropic of Capricon 
and moved towards the northern part of the hemisphere”’. 


With a vision of improving the standards of profound research and learning of expressions in Astrology, all the 
publications of Varahamihira were translated into English from Sanskrit. His concept of the existence of some 
attractive force (force of gravity), that governs the falling objects to the Earth and then remaining stationary 
determines the position of the heavenly bodies’ occupancy, was worldwide accepted and recognized. Varahamihira 
not only presented his own observations, but embellished them in attractive poetic and metric styles. The usage of a 
large variety of meters is especially evident in his “Brihat-Jataka” and “Brihat-Samhita’. In later times, Alberuni 
expressed his opinion of Varahamihira as follows: “Varahamihira seems sometimes to side with the Brahmanas to 
whom he belonged and from whom he could not separate himself. On the whole, his foot stands firmly on the basis of 
truth and he clearly calls out the truth.” 
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